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[57] ABSTRACT 

In a process for monitoring patients with chronic congestive 
heart failure, a high frequency current is passed between 
electrodes applied to two limbs of a patient The current, 
voltage and phase angle between the measured current and 
voltage are measured to enable the calculation of congestive 
heart failure (CHF) indicia values. The calculated CHF 
indicia values are then compared with baseline values estab- 
lished when the patient is in a known, stable condition. 
Intervention is initiated if the differences between the cal- 
culated CHF indicia values and the baseline values are 
outside of established tolerances. The CHF indicia values 
may include resistance, reactance, impedance, total body 
water and extracellular water. Moreover, the CHF indicia 
values may include a figure of merit indicative of the 
hydration status of the patient. 

36 Claims, 2 Drawing Sheets 
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PROCESS FOR MONITORING PATIENTS of acute CHE It would be most desirable to provide a simple 

WITH CHRONIC CONGESTIVE HEART way of detecting increases in body water of patients with 

FAILURE CHF before hospitalization is necessary and permitting 

adjustments in medication and/or diet in time to prevent an 
5 episode of acute heart failure. The present invention fulfills 
BACKGROUND OF THE INVENTION these needs and provides other related advantages. 

Congestive heart failure (CHF) results when the heart is SUMMARY OF THE INVENTION 

unable to contract with sufficient vigor to meet the body's oUMMAKi Ur i rib invejn iiuin 



need for oxygen. Under such circumstances, to increase The present invention resides in an "early warning" 

cardiac output, autoregulatory mechanisms allow the filling 10 monitoring system for determining changes in the status of 

pressure in the ventricles to increase, thus elongating myo- patients with chronic congestive heart failure (CHF). with 

cardial fibers at the start of systole and increasing the the goal of intervening before the onset of acute congestive 

strength of contraction. When the left and/or right filling heart failure. In accordance with the present invention, a 

pressures exceed approximitely^.5 mm Hg, blood compo- process for monitoring patients with chronic congestive 

nents are forced out of the vasculature and into the 15 heart failure comprises the steps of applying electrodes to 

interstitium. resulting in pulmonary edema (left heart two points on the body, passing a current at one or more high 

failure) and/or peripheral edema and ascites (right heart frequencies between the electrodes, and then measuring the 

failure). The end results is severe incapacitation and possibly current (I) and voltage (V). Congestive heart failure (CHF) 

death. indicia values are calculated based on the measured current 

In a portion of the population with heart disease of many 20 (I) and voltage (V). and the calculated CHF indicia values 

different etiologies — approximately 600.000 members of are then compared with baseline values established when the 

the U.S. population— the ability of the heart to meet the patient is in a known, stable condition, to determine if 

body's needs is marginal, resulting in chronic heart failure. differences therebetween are within established tolerances. 

For these patients, most of whom can be stabilized by ^ in a preferred form of the invention the process comprises 

medication and dietary restrictions and many of whom are the steps of applying the electrodes to two limbs of a patient 

quite elderly, minor variations in physical activity, emotional and then passing a high frequency current between the 

stress or non-compliance with diet or medication regimes electrodes. Current (I), voltage (V) and phase angle (<]>) are 

can result in destabilization and episodes of acute heart measured, and then congestive heart failure (CHF) indicia 

failure requiring urgent hospitalization. Indeed, hospitaliza- M values, including resistance (R) and reactance (Z„). are 

tion for heart failure is the second most costly admitting calculated. The calculated CHF indicia values are then 

diagnosis of the Medicare program. compared with baseline values, and intervention is initiated 

The most reliable existing method to monitor CHF is by when the differences between the calculated CHF indicia 
direct measurement of pulmonary artery and central venous values and the baseline values are outside of established 
pressures through catheters inserted into the bloodstream. 35 tolerances. The process is repeated at an interval determined 
This method, though highly accurate, is clearly impractical by whether or not intervention was required. The calculated 
outside of a hospital setting. Other methods include obser- CHF indicia values may include, in addition, impedance (Z). 
vation of the arterial pressure pattern (invasively or A decrease in the phase angle (<J>) or any of the calculated 
noninvasively) during a Valsalva maneuver, measurement of CHF indicia values of resistance (R). reactance (Z c ) or 
flow though the mitral annulus and in the pulmonary veins K impedance (Z), is an indicator of the need to initiate inter- 
using dopplcr echocardiography, observation of neck vein venu'on. The tolerances from baseline values for the calcu- 
distension, measurement of ankle dimensions and careful i ate d CHF indicia values are on the order of five percent 
tracking of body weight. The first two. though reasonably ( 5% ) f or rcs j s tancc (R) and impedance (Z). ten percent 
accurate, require considerable equipment and trained per- {10 %) for reactance (Z e ), and twenty percent (20%) for 
sonnel while the last three are quite unreliable for a variety 45 phase angle (<|>). 

of reasons. The calculated CHF indicia values may also include total 

Subramanyan. et al. and others have shown that both the body water (TOW) and extracellular water (ECW). An 

resistive and reactive components of the body's impedance increase in the calculated total body water (TBW) or extra- 

to the flow of relatively high frequency (50 kHz) electrical ccUu]ar watcr ^cw) is an n^tor ^ me need to initiate 

current is sensitive to the amount of fluid retained by a 50 intervention. The tolerances from baseline values are on the 

patient with CHF. As the CHF resolves, resistance and OTdcr offive pe rcent (5%) for (ot al body water (TBW) and 

reactance both increase as does the electrical phase angle extracellular water (ECW). Total body water (TBW) may be 

(tan 'reactanceAesistance). See Subramanyan. et aL. Total calculated utilizing the formula: 
Body Water in Congestive Heart Failure, Jour. Asso. Phys. 

Ind. Vol.28, September, 1980. pages 257-262. Others, 55 
including Lukaski & Bolonchuk have derived relationships 
between the components of the body's electrical impedance 

at either 50 kHz or 1000 Hz and either total body water or Extracellular water (ECW) may be calculated utilizing the 

extracellular fluid See Lukaski. et al.. Estimation of Body formula: 

Fluid Volumes Using Tetrapolar BioeUctrical Impedance „ ^ w _ Oj0QQ2 H(5 
Measurements, Aviation Space and Environmental Medi- 
cine; 1988; 59: 1163-1169. The calculated CHF indicia values may further include a 
There remains a need, however, for a practical and figure of merit which is indicative of the hydration status of 
reliable method for monitoring the status of CHF patients the patient. By way of example, the figure of merit may be 
outside of a hospital setting. Such a monitoring method may 65 derived from the ratio of extracellular water (ECW) over 
build on the observations of Subramanyan et al. and Lukaski fat-free mass (FFM). Fat-free mass (FFM) may be calculated 
& Bolonchuk with the goal of intervening before the onset utilizing the formula: 
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Ff*#=-iS.26-o.775 (H. J /K>40.146 wwojw Z r pxMon of the body of the patient to separately track 

the order of one percent (1») is an additional indicator of the ( Z ) components would be more indicative of changelkJung 

need to initiate intervention. fluid and left heart faflure. Changes m any of th«e compo: 

Other features and advantages of the present invention nent impedance values would be used as an indicatorof 

will become apparent from the following more detailed instability and suggest changes in therapeutic regimen 

t^whlcfm^rrCf 011 7^ ^ T^T 8 10 CombiBin 8 ** m "~*s obtained above with body 
drawings which illustrate, by way of example, the principles dimensions and body weight in formulas such as those 
of the invention. described by LukasM. H. C. & Bolonchuk. W. W. Estimation 

BRIEF DESCRIPTION OF THE DRAWINGS f B °P Fl * d VoU,mes Usin 8 Tetrapolar BioeUctrical 

Impedance Measurements. Aviation Space and Environmen- 

The accompanying drawings illustrate the invention. In js Medicine; 1988; 59; 1163-1169 enables estimates to-be 
such drawings: obtained of total body water (TBW) and intracellular and 

FIG. 1 is the first of a two-part flow chart illustrating a extracellular water (ECW). Increases in the estimated 
process for monitoring patients with chronic congestive amount of total or extracellular water of approximately one 
heart failure embodying the present invention; and half t0 °*> e liter from its baseline value would be used as an 

FIG. 2 is the second of the two-part flow chart illustrating 20 indi< ^ tor progressive heart failure and for therapeutic inter- 
the process of the present invention. vcrtio*. Moreover, combining estimates of total and extra- 

cellular water with estimates of body cell mass into a "figure 
DETAILED DESCRIPTION OF THE of mcrit " indicative of the hydration status of the patient may 

PREFERRED EMBODIMENT ^e advantageously accomplished in accordance with the 

. . . . . . ■ 25 process 10 of the present invention. Changes in the "figure 

As shown in the drawings for purposes of illustration, the of merit" would be used as an indicator of worsenine 
present invention is concerned with a novel process for condition of the CHF patient. Typical figures of merit would 
IZSfn ™T 1 ^Ztt' ^^irf^ iDdude ** ratio rf extracellular fluid (HCWyfat-free mass 
indicated in FIGS 1 and 2 by the reference number 10. In (FFM), or the ratio of extracellular water (ECW)Aotal body 
accordance wrth the present invention, the process 10 x weighL An tacreases m me figure of rnerit of ap^oximateW 
Z^Z S '^°^ f T\° f * W ° one P««»t(I*) would be used as an indicator worsening 

pomts on the body of a patient and. while passing a current condition. Moreover, certain figures of merit, per sc rather 
at one or more high frequencies between the electrodes. than their change may be utilized as an indicator of con- 
?T^^ C T CDt ® a ° d V ° ltage (V) - Con « estive bean gestive heart failure. For example, when the ratio of. eZ 
failure (CHF) indioa values are then calculated based on the J5 cellular water (ECWyfat-freeLss (FFM) is greater than 
measured current (I) and voltage (V) which are compared approximately 0.30. it may be assumed tha kin 
with baseline values to determine if differences therebe- congestive heart failure 

tween are within established tolerances. If those differences wa, »f.™.~ h . ™- , t - „ 

are outside of the established tolerances, intervention is bJntbf^Z^^l^el'i r STVr 
initiated in accordance with sound medical practice. Thus. „ a^he^MtX^ 

the process 10 of the present invention provides an "early * SS^^J!S&^ JS^S^£ 
warning" monitoring system for determining changes in the „~ enrm i.f, „„„^ , L . g 

status of patientTwith Tronic congestive heart failure with Tftt^SsZ^TeT- ( ^ 5°" 

the goal of intervening before the onset of acute CHF. ^^Tn^s^ 5 5ffS£££££l 

The process 10 of the present invention involves the 45 distention, shortness of breath and swelling of the extremi- 
tracking of total body impedance (Z). resistance (R). reac- ,i es . The patient is next evaluated to define whether™ 
tance (Z c ) and phase angle (<» in an abulatory patient with not he or she may be classified as a high risk (block 14) 
chrome congestive heart failure (CHF). and uses the High risk patients are those who have b<£n hosptalized for 
decrease of any or all oftiiese "mdicia values" as predictors CHF within the last three months, those who have been 
of the onset of acute CHF. The measurement can be made » hospitalized for CHF within the last year and show new neck 
using a commercial device, such as that manufactured by vein distention, those who have shortness of breath at rest or 
RJL Systems of Clinton Twp., Mich., to measure body with minimal exertion, and/or those with an ejection fraction 
composition, or a similar device designed for this purpose. (EF) less than forty percent, for example. If the patient is not 
Significant intra-patient changes over time in the values of classified as a high risk, the physician may reevaluate the 
these parameters (for example five percent or more) would 53 diagnosis as appropriate, for example, every three months or 
be viewed as indicators of a deteriorating physical condition. so (block 16). If. on the other hand, the patient is evaluated 
The electrodes may be placed on any two points on the body. to be a high risk, then the bioelectric impedance analysis of 
but preferably are positioned on either the ipsilateral wrist the present invention is conducted to enable the hcalm care 
and 1 ankle or on the contralateral wrist and ankle as described provider to cfctermine the patient's congestive heart failure 
in Subramanyan. et aL. To£ Body Water in Congestive „ (CHF) indicia values for purposes of comparing those values 
Heart Failure Jour Asso. Phys. Ind.. Vol. 28, September. with baseline values established when Te patient is in a 
1980. pages 257-262. Measurements are typically made at known stable condition (block 18) 
ahigh frequency (above : 20 kHz-largely sensitive to total p^ed emb odiment. two electrodes are attached 

?2l^/^r^ to ^ 10 Cach of ^ ( bl <** ^e two more Sal 

of extracellular fluid) cr multiple frequencies. 65 electrodes (i.e.. hand and foot) are used for injecting current 

ine process 10 of the present invention also includes (I) while the two more proximal electrodes (i e wrist and 

utilizing the techniques described above applied to separate ankle) are used for measuring voltage (V). If. however, the 
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electrodes have sufficient surface area so that the contact 
impedance is very low compared to the impedance (Z) of the 
body (i.e.. «500Q). a single electrode on each of the two 
limbs can be used for bom current injection and voltage 
measurement Any pair of limbs may be used (right arm to 
left leg. right arm to left arm. etc.). or multiple pairs can be 
used and results calculated pair-by-pair. In the preferred 
embodiment, the electrodes are attached to the lower left 
extremity and the upper right extremity. 

Once the electrodes have been properly attached to the 
patient, a high frequency current is passed between the 
electrodes (block 22). A typical (preferred) current is 800 
uamp at 50 kHz. A current of up to 5 ma could be used as 
well as any single frequency from .10 -kHz to 100 kHz. 
Alternatively, two different frequencies, one below 10 kHz 
(for example 1 kHz) and one above (for example 100 kHz) 
could be utilized. As the high frequency current is passed 
between the electrodes, the current (J) is measured (block 
24) as well as the voltage (V) and phase angle (<b) between 
the measured current (I) and voltage (V) (block 26). In this 
regard, the voltage (V) and current (I) can be measured with 
any conventional technique, analog or digital. As is known 
by those in the art the delay between voltage and current in 
zero crossing (current lags voltage) bears the same relation 
to the waveform period as the phase angle (<k) does to 360°. 
In other words, the phase angle (<b)=360(t d ), where t is the 
time by which current (I) lags voltage (V). and (T) is the 
waveform period (the inverse of frequency). For a 50 kHz 
current, T=l/50.000=20u seconds. 

Having thus measured the current (I). voltage (V) and the 
phase angle (4), congestive heart failure (CHF) indicia 
values may men be calculated (blocks 28. 30 and 32). As 
illustrated in block 28, the first indidl values calculated 
include impedance (Z), resistance (R) and reactance (Z e ). 
Impedance (Z) is the rms voltage divided rms current 
Resistance (R) is the impedance (Z) multiplied by the cosine 
of the phase angle (it), or R=Z cos <b. Reactance (Z c ) is the 
capacitive component of impedance (Z) and is determined 
by multiplying the impedance (Z) by the sine of the phase 
angle (4>). or Z C =Z sin <h. 

As illustrated in block 30. the patient's total body water 
(TBW). extracellular water (ECW) and fat-free mass (FFM) 
may also be calculated to provide CHF indicia values. Total 
body water (TBW) and extracellular water (ECW) can be 
calculated from the formulas of LukasM H. C. eft Boionchuk 
W. W. Estimation of Body Fluid Volumes Using Tetrapolar 
Bioelectrical Impedance Measurements. Aviation Space and 
Environmental Medicine. 1988; 59; 1163-1169. These for- 
mulas arc: 

TBW=03TJ HtVR+O.M Wt-O.08 Geofcr +4.65 (Were 

GenJei=l for mile and 0 for female), aid 

£CW=0.189Hr , /*+OJ2 Wi-0.0002 Hr 5 /Z e +1.03 

wherein Ht=the height of the patient (cm) and Wt=the 
weight of the patient (Kg). Fat-free mass (FFM) can be 
calculated from the formula provided in Huges, V. A., and 
Evans W. J. Assessment of Fat-Free Mass in an Older 
Population Using Bioelectric Impedance. FedProc 1987; 46 
(Abstract), as follows: 

mf=-15.26-0.775 (HA??)+0.146 Wt+0.185 Z c 

Other versions of these formulas are available as are for- 
mulae for two frequency analyses. 

Block 32 illustrates deriving a "figure of merit" from the 
ratio of extracellular water (ECW) over fat-free mass (FFM). 



6 

When beginning the monitoring program, it is necessary 
to establish baseline values for the calculated CHF indieia 
(blocks 28-32). The baseline values are preferably measured 
when the patient is in a known, stable condition, such as 

5 when discharged from the hospital and/or entered into the 
monitoring program. If it is the baseline values that are being 
established (block 34), they are stored (block 36) for further 
reference. The stored baseline values will typically include 
the weight (Wt) of the patient the calculated impedance (Z), 
resistance (R). reactance (Z c ). phase angle (<b), total body 
water (TBW). extracellular water (ECW). fat-free mass 
(FFM). and the ratio of extracellular water to fat-free mass 
(ECW/FFM). Once the baseline values have been estab- 
lished and stored (block 36), there is a delay (block 38) 
before repeating the bioelectric impedance analysis (18). 

1S The preferred delay before repeating the measurements is 
one to two weeks. 

Subsequent analyses (18) follow the same process steps 
20-32 as discussed above. However, since the baseline 
values have already been established and stored (34. 36) the 

20 newly calculated indicia values (28, 30 and 32) are then 
compared with the previously established baseline values 
(block 40) to determine if differences therebetween are 
within established tolerances (block 42), In the preferred 
embodiment of the invention, a decrease in the phase angle 

25 (<j>) or any of the calculated CHF indicia values of resistance 
(R). reactance (Z c ) or impedance (Z). is an indicator of the 
need to initiate intervention. The tolerances from baseline 
values are on the order of five percent (5%) for resistance 
(R) and impedance (Z). ten percent (10%) for reactance (Z c ). 

30 and twenty percent (20%) for phase angle (4>). An increase 
in the calculated total body water (TBW) or extracellular 
water (ECW) is an indicator of the need to initiate interven- 
tion. The tolerances from baseline values for such calculated 
CHF indicia values are on the order of five percent (5%) for 

35 both the total body water (TBW) and extracellular water 
(ECW) calculations. With regard to the figure of merit 
derived from the ratio of extracellular water (ECW) over 
fat-free mass (FFM). intervention is indicated when such 
ratio is greater than approximately 030 and/or there is an 

40 increase in the figure of merit on the order of one percent 
(1%). 

If the calculated CHF indicia values are within established 
tolerances, then there is simply a delay (38) before repeating 
measurements. In particular, for those patients these mea- 
ts surements fall within tolerances, the preferred delay before 
repeating the measurements is one to two weeks. Patients 
whose clinical history so indicated could be monitored either 
less frequently or more frequently. 
For those patients whose measurements do not fall within 
so tolerances, intervention is indicated (block 44). Interven- 
tions are based on medical judgment and form no part of the 
present invention. They might include counseling to reduce 
the amount of salt in the diet or reduce activity. The use of 
diuretics and/or angiotensin converting enzyme inhibitors 
55 could be increased. In severe cases, intravenous diuretics 
could be started as could intravenous agents to increase the 
pumping action of the heart (inotropes such as dc^utamine), 
or the patient could be advised to seek hospitalization. 
Patients undergoing stabilization through therapeutic inter- 
60 ventions should be monitored more frequently, thus reduc- 
ing the delay before repeating measurements (38) to a day or 
two. 

Although a particular embodiment of the invention has 
been described in detail for purposes of illustration, various 
65 modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, the invention is not 
to be limited, except as by the appended claims. 
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I claim: 

1. Aprocess for monitoring patients wife chronic conges- 
tive heart failure, comprising the steps of: 

applying electrodes to two limbs of a patient; 

passing a high frequency current between the electrodes; 
measuring the current (I), voltage (V) and phase angle 
($) between the voltage ( V) and the measured current 
(D; 

calculating congestive heart failure (CHF) indicia values 
based on the measured current (I), voltage (V) and 
phase angle ($); and 

comparing the calculated CHF indicia values with base- 
line values to determine if differences therebetween are 
within established tolerances. 

2. The process of claim 1, including the step of establish- 
ing the baseline values when the patient is in a known, stable 
condition. 

3. The process of claim 2. including the step of initiating 
intervention when, during the comparing step, the differ- , 
ences between the calculated CHF indicia values and the 
baseline values are outside of established tolerances. 

4. The process of claim 3. including the step of repeating 
the process for monitoring patients with chronic congestive 
heart failure at an interval determined by whether or not , 
intervention was required. 

5. The process of claim 3. wherein the calculated CHF 
indicia values include resistance (R) and reactance (ZJ. 

6. The process of claim S. wherein the calculated CHF 
indicia values include impedance (Z). , 

7. The process of claim 6. wherein a decrease in the phase 
angle (<t>) or any of the calculated CHF indicia values of 
resistance (R). reactance (Z e ) or impedance (Z), is an 
indicator of the need to initiate intervention. 

8. The process of claim 7. wherein the tolerances from 
baseline values for the calculated CHF indicia values are on 
the order of five percent (5%) for resistance (R) and imped- 
ance (Z). ten percent (10%) for reactance (Z c ). and twenty 
percent (20%) for phase angle ($). 

9. The process of claim 5, wherein the calculated CHF 4 
indicia values include total body water (TBW) and extra- 
cellular water (ECW). 

10. The process of claim 9, wherein total body water 
(TBW) is calculated utilizing the formula: 



wherein extracellular water (ECW) is calculated utilizing 
the formula: 

ECW=€.1S9 H17R+0.52 Wt-0.0002 HI 3 /Z c .+1j03, 

wherein Ht=the height of the patient and Wt=the weight 
of the patient 

11. The process of claim 9. wherein an increase in the ss 
calculated total body water (TBW) or extracellular water 
(ECW) is an indicator of the need to initiate intervention. 

12. The process of claim 11. wherein the tolerances from 
baseline values for the calculated CHF indicia values are on 
the order of five percent (5%) for total body water (TBW) «o 
and extracellular water (ECW). 

13. The process of claim 5, wherein the calculated CHF 
indicia values include a figure of merit indicative of the 
hydration status of the patient 

14. The process of claim 13, wherein the figure of merit 65 
is derived from the ratio of extracellular water (ECW) over 
fat-free mass (FFM). 



15. The process of claim 14, wherein extracellular water 
(ECW) is calculated using the formula: 

ECW=0.189 Hi>/Ri032 Wt-0.0002Hl 2 /Z e +1.03, ind 

wherein fat-free mass (FFM) is calculated utilizing the 
formula: 

FFM=-lJ.26-0.775(HrVR>40.146 Wt+0.185 2%, 

wherein Ht=the height of the patient and Wt=the weight 
of the patient 

16. The process of claim 14. wherein intervention is 
indicated when the ratio of extracellular water (ECW) to 

j fat-free mass (FFM) is greater than approximately 0.30. 

17. The process of claim 14. wherein an increase in the 
figure of merit on the order of one percent (1%) is an 
indicator of the need to initiate intervention. 

18. A process for monitoring patients with chronic con- 
3 gestive heart failure, comprising the steps of: 

applying electrodes to two points on the body of a patient; 
passing a current at one or more high frequencies between 

the electrodes; 
measuring the current (I) and voltage (V) at each fre- 
S quency; 

calculating congestive heart failure (CHF) indicia values 

based on the measured current(s) Q) and voluge(s) (V); 

and 

comparing the calculated CHF indicia values with base- 
) line values to determine if differences therebetween are 
within established tolerances. 

19. The process of claim 18, including the steps of 
establishing baseline values determined when the patient is 
in a known, stable condition, initiating intervention when. 

i during the comparing step, the differences between the 
calculated CHF indicia values and the baseline values are 
outside of established tolerances, and repeating the process 
for monitoring patients with chronic congestive heart failure 
at an interval determined by whether or not intervention was 

) required. 

2$. The process of claim 19. wherein the calculated CHF 
indicia values include total body water (TBW) and extra- 
cellular water (ECW). and wherein an increase in the 
calculated total body water (TBW) or extracellular water 
i (ECW) is an indicator of the need to initiate intervention. 

21. The process of claim 20. wherein the tolerances from 
baseline values for the calculated CHF indicia values are on 
the order of five percent (5%) for total body water (TBW) 
and extracellular water (ECW). 

22. The process of claim 21. wherein the calculated CHF 
indicia values include a figure of merit derived from the 
ratio of extracellular water (ECW) over fat-free mass (FFM). 
that is indicative of the hydration status of the patient 

23. The process of claim 22, wherein intervention is 
indicated when the ratio of extracellular water (ECW) to 
fat-free mass (FFM) is greater than approximately 0.30. or 
there is an increase in the figure of merit on the order of one 
percent (1%). 

24. The process of claim 19. including the step of mea- 
suring the phase angle (()>) between the measured current (I) 
and voltage (V) at each frequency, and wherein the calcu- 
lated CHF indicia values include resistance (R). reactance 
(Z c ). and impedance (Z). 

25. The process of claim 24. wherein a decrease in the 
phase angle (<(») or any of the calculated CHF indicia values 
of resistance (R), reactance (Z c ) or impedance (Z), is an 
indicator of the need to initiate intervention. 



26. The process of claim 24. wherein the tolerances from 
baseline values for the calculated CHF indicia values are on 
the order of five percent (5%) for resistance (R) and imped- 
ance (Z). ten percent (10%) for reactance (Z c ). and twenty 
percent (20%) for phase angle (<(>). 5 

27. A process for monitoring patients with chronic con- 
gestive heart failure, comprising the steps of: 

applying electrodes to two limbs of a patient; 

passing a high frequency current between the electrodes; 

measuring the current (I), voltage (V) and phase angle (<)>) 10 
between the voltage (V) and the measured, current (1); 

calculating congestive heart failure (CHF) indicia values, 
including resistance (R) and reactance (Zj. based on 
the measured current (I), voltage (V) and phase angle 15 

(♦); 

comparing the calculated CHF indicia values with base- 
line values to determine if differences therebetween are 
within established tolerances; 

initiating intervention when, during the comparing step. 20 
the differences between the calculated CHF indicia 
values and the baseline values are outside of estab- 
lished tolerances; and 

repeating the process for monitoring patients with chronic 
congestive heart failure at an interval determined by 25 
whether or not intervention was required. 

28. The process of claim 27, including the step of estab- 
lishing the baseline values when the patient is in a known, 
stable condition. 

29. The process of claim 28. wherein the calculated CHF 30 
indicia values include impedance (Z), and wherein a 
decrease in the phase angle (<()) or any of the calculated CHF 
indicia values of resistance (R), reactance (ZJ ot impedance 
(Z). is an indicator of the need to initiate intervention. 

30. The process of claim 29. wherein the tolerances from 35 
baseline values for the calculated CHF indicia values are on 
the order of live percent (5%) for resistance (R) and imped- 
ance (Z). ten percent (10%) for reactance (Z c ), and twenty 
percent (20%) for phase angle ($). 

31. The process of claim 27. wherein the calculated CHF 40 
indicia values include total body water (TBW) and extra- 
cellular water (ECW). and wherein an increase in the 



10 

calculated total body water (TBW) or extracellular water 
(ECW) is an indicator of the need to initiate intervention. 

32. The process of claim 31. wherein total body water 
(TBW) is calculated utilizing the formula: 



wherein extracellular water (ECW) is calculated utilizing 
the formula: 

ECW=C.m Hr'/R+O J2 Wt-0.0002 Ht 2 /Z c +1.03, 

wherein Ht=the height of the patient and Wt=the weight 
of the patient 

33. The process of claim 31. wherein the tolerances from 
baseline values for the calculated CHF indicia values are on 
the order of five percent (5%) for total body water (TBW) 
and extracellular water (ECW). 

34. The process of claim 27. wherein the calculated CHF 
indicia values include a figure of merit indicative of the 
hydration status of the patient. 

35. The process of claim 34. wherein the figure of merit 
is derived from the ratio of extracellular water (ECW) over 
fat-free mass (FFM). wherein intervention is indicated when 
the ratio of extracellular water (ECW) to fat-free mass 
(FFM) is greater than approximately 030. and wherein an 
increase in the figure of merit on the order of one percent 
(1%) is an indicator of the need to initiate intervention. 

36. The process of claim 3S. wherein extracellular water 
(ECW) is calculated using the formula: 

£CW=0.189 HtVR+0 S2 Wi-O.0002 Ht J «,+lX)3, and 



FFM=-15.2&-0,775 (HftW>4fl.l46 WhO.185 



wherein Ht=the height of the patient and Wt=the weight 
of the patient 



